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Surnmary

Members of the tumor necrosis factar [TINF) family induce pleiotropic blological responses, in-
cluding cell growth, differentiation, and even death. Here we describe a novel member of the
TNF family, designated BAFF (for B cell activating factor belonging to the TNF famnily),
which i expressed by T cells and dendritic celts. Human BAFF was mapped to chromasome
1332-34. Membrane-bound BAFF was procesed and secreted through the action of 2 pro-
tease whose specificity matches that of the furin family of proprotein convertases, The expres-
sion of BAFF receptor appeared to be restricted to B cells. Both membrane-bound and soluble
BAFF induced prollferation of anti-immunoglabulin M-stimulated peripherat blood B lym-
phocytes. Mereover, Increased amounts of immuneglobulins were found In supermnatants of
germinal center-tike B cells costimulated with BAFF. These results suggest that BAFF plays an
important role as costimulator of B cell proliferation and function.
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immunoglobulin G

volved In the regulation af Inflammation, of the im-

. l : |\ /l embers of the TINF cytokine family are critlaally in-

mure response to lifections, and of tsus homeostasis {1).
The family members are type [I membrane proteins that can
act in @ membrane-bound form or as proteolytically pro-
cessed, soluble cytokines In an autocrine, paracrine, ar endo-
crine manner (1), Binding of the ligands to their respective
receptors induces oligomerization, initating downstream
sigrialing events.

Signating pathways stimulated by TNF ligand members
are diverse, Including the activation of caspases, the tanslo-
catlon of nuciear factor (NF}-«B,! or the activation of mito-
gen-activated proteln kinases such as c~Jun NHp-terminal

P. Schnaider and F. MacKay contributed etually 1o this work.
tAbtreviations wed [ this paper ax, amino acld(): APRIL, & profiferaton tn-
duclng Ugare: BAFF, B cell activating facior belonging to the TINF fmity;
EST. wqreusd sequence g LT, tymphotowdn: NF. muclzr factor
PNGue F, peptids No F. RANKL, recepinr activator of MF-xB
ligand; TRAIL, TNF-reand apoptusii-inducing lignd; we, wild-type.

kinate (JINK} or exoscaliular sganl regulatory kinese (ERK)

{1). Thus, TNF-related ligands can lead to apoptosis, differ-

entlation, or proliferation. Presently 16 members of the
TNF-cytokine family have been deseribed, several amang
them having important regulatory roles In function and de-
velapment of the immune system. For instance, TNF acts
25 an Inflamumatary cytokine coordinating host defenses in
response to infection {2). The lymphotasn (LT system 1s
crucial in the development of peripheral lymphold argans
and the organization of spienic architecture (3, 4). Fas ligand
Fal, CDE5L). TNF, and CD3OL are responsible for
TCR-mediated apoptosts of T czils and of immature thy-
mocytes {5-7}. Several of the TNF members and their re-
ceptors. In conjunction with TCR simulation, also en-
hance T cell proliferstion. Therafore, upregulaton of TNF
cytokine members and their receptors by TCR-induced
signals can provide an autocrine costimulatory mechanistn
10 Increase the lymphocyte’s own proliferstion after stimu-
fatian with the antigen. However, upregulation of TNF-
related ligands an T cells Is alio important Jor the activation

1747 . Exp. Med. © The Rockefatler University Praw » 0022-1007/99/06/1747/10 52.00
Votume [89, Number 11, June 7, 1989 17471736

hupy/ fweww jem.og

B

E13




and stmulation of neighboring cefls. For example. CD40L
is important for B cell survival, proliferation. Tg isotype
switch, and differentiation (8}, and the interaction of OX40
with OX40L is necessary for the differentiation of activated
B cefls into high Ig-producing celis (8).

Here we characterize the suuctural and functiceal prop-
erties of 3 new ligend of the TNF cytokine family. The
new ligand, termed BAFF (B cell sctivating factar belong-
ing to the TNF family), appears to be expressed by T cells
and dendritic cells for the purpose of B cell costimulation,
and may therefore play dn important role in the control of
B cell function.

Materials and Methods

Materiak.  The ant-Flag M2 mAb, bioUnylated anti-Flag M2
antlbody. and the anti-Flag M2 antibody coupled to agarose were
purchased from Stgma Chemieal Co. Call culture reagents were
obiained from Lifs Sciences and BloWhitnaket? Flag-tagged solu-
ble human APRIL {2 profiferation inducing ligand; residues Ko~
Lyso) was proguced in 293 celt as described (10, 11). FITC-
labeled antl-CD4. antl-CD8, and anu-CD1IY antibodles were
purchased from PharMingan. Gaar Flab’), specilic for the Feg,
fragment of buman [gM were purchased from Jackson Immuno-
Rassarch Labarazories. Secondary antibodies were obtained rom
either PharMingen or Jackson ImmuncResearch Lahoratoriss
and were used at the recommended diutions.

Cuilr.  Hurman embryonic kidnay 283 T csiis {12) and Obro-
blast cell lines (see Table [} were malntained in DMEM conuln-
ing 10% heat-iractivated FCS. Human embryonic kidney 293
cells wera malntalned tn DMEM-putrient mix F12 (1:1) supple~
mented with 2% FCS, T cell lines, B cedl lines, and macroghage
cell lnes fse= Table [} wers grown in REMI supplemented with
10% FCS. Male-4 celis were cultvated tn beove's medium sup-
plementzd with 10% FCS. Epithelial cell lines were grown in
MEM-a medium containing 10% FCS, 0.5 mM nonessental
aming acids, 10 mM Na-Hepes, and I mM Na pyruvate. Human
umbilical vein endothelial celis were malntained in M193 me-
dium supplemented with 20% FCS, 100 pg/ml of epithelial celi
growth factor {Coltaborative Research, Inotech), and 100 pg/mi
of heparin sodtum =it {Sigma Chemical Caol). All media con-
tained pendciliin and strepromycin antibiotics,

PBLs were solated from heparinized blood of healthy adult
volunteers by Ficall-Pague {Amemham Prarmacia Blowch) gra-
dient cantrifugation and euttured in REMIL 10% FCS. .

T celis were obtained from nonadherant PBLs by roseding
with neuraminidase-treated shesp red blood cells and separated
from nonrosetting celis fmostly B cells) by Ficoll-Pague gradient
cenirifugation. Purified T sells wera activated for 24 h with phy-
tohemagglutinin (1 zg/mi; Sigma Chemicai Col), washed. and
culared tn RPMI, 10% FCS, 20 U/mi of IL-2. CDIM* mona-
cytes were purified by magnetic cell sarting wing and-CD 14 an-
tibadies, goat anti-mouse-coated microbeads, and » Mintmacs™
device Miltenyt Biotech), and cultivated in the presence of GM-
CSE (800 U/l Leucomax®; Essex Chemie} and IL-4 (20 ng/m
Llgin GHéin} B 5 dt then with GhA-CSF. B-4. and TNF-au
(200 U/mi; Bender) for an additonsi 3 ¢ to obwain 3 gy,
dendritic celi-itke population. ’

Husmian B eells of >57% purity wers isoiated from paripharal
wlood or umbilical cord blood using ant-CD1Y magnatic beads
(M450; Dynal) as described {13).
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Northern Blat.  Northern blot anslysls was arrted out wing
Hurman Muliipte Tisue Northern Blows [ and I8 {7760-1 and
7758-1; Ciontech). The membranes were incubated in hybrid-
ization solutlon (50% formamide, 2.5% Denhandt’s, 0.2% SDS,
10 mM EDTA, 2% 553C, 30 mM NaH,PO,, pH 6.5, 200 pg/mi
sonicated simon sperm DNAJ for 2 h at 60°C. Antlsense RNA
praba contalning the aucleotides corresponding o amine actds {aa)
136~285 of human BAFF {hBAFF} was heat denatured 2nd added
at 2 X 10* cpm/ml in fresh hybridizmtion selutlon. The mem-
brane was hybridized 16 b at 62°C, washed once in 2X SSC,
0.05% SD3 {30 min at 25°C). ence tn 0.1X SSC, 0.1% SDS (20
min at §5°C). and exposed at ~70°C ta x-ray Rims.

Characterization of BAFF (DNA. A partiat sequence of hBAFF
cDMNA wat contined In several expressed sequence tag {EST)
clones [sequence data avallable rom EMBL/GanBank/DDB]
under accession. nos. T87299 and AALSEETS) darived from fetal
liver and spieen and ovarian cancer Hbrartes. The 5 portlon of the
«DNA was obtained by 5 rapid amplification of cDMNA ends
{RACE) PCR {(Marathon-Ready cDNA; Clontech) with oliga-
nucleatides AP and JT1013 (#"-ACTGTTTCTTCTGGACCC
TCAACCGC-3') wing the provided cDNA tihrary from a poot
of human leukocytss as template. a8 recommended by the manu-
tacturer, The resulting PCR product was clased ino PCR-0
blunt (Inviogen) and subcloned a5 EcoRI-Pul fragment into
pT7T3 Pac vecor (Amerham Phammacia Blotech) containing
EST clone T87298. Thersfors, full-langth hBAFF ¢DNA. wag
abalned by comblning 5* and 3' fragments using the Intecnal Paz
site of BAFE. The sequence has been assigned EMBL/GenBank/
DDB} acceston no. AFLLE45E.

A partial 817-bp sequence of murine BAFF was contained In

two overlpping EST clones {EMBL/GenBank/DDB] acreslon i

nos. AA422749 and AA254D47). A PCR fregment spanning mu-
cleotides 158-381 of this sequence was used 2t 3 probe 1o screen 3
mouse spleen cDNA lbrary (Srawgene, Inc). The sequence has
been asigned EMBL/GenBank/DDEB] accesion no. AF118383.
Expression of Recombinant BAFF.  Full-length hBAFF was am-~
plified using atigos JT1063 (3"-CACAAGCTIGCCACCATG-
GATGACTCCACA-3") and JT837 (3'-ACTAGTCACAGCA-
GTTTCAATGC-3). The PCR product was cloned into FCR-0
blunt and resubcloned as HindIl-EcoR! fagment into PCR-3
mammallan expression vector. A short version of soluble BAFF
[sBAFF/short, 2a Q136-1285) was amplified wing oligos [T636
{5'-CTGCAGGCTCCAGAAGAAACAG-3) and JTBIT. A long
version of sBAFF (sBAFF/long, as £83-L285) was obtained from
full-length BAFF using internal Pstd site. sBAFFs were resub-
cloned as Pstl-EcoRI fragments behind the hemaggiutinin signal
peptide and Flag sequence of 3-modified PCR-3 vector, and a8
Pul-Spel fragments imo 3 madified pQELE bacterial expression
vectoe it frame with an NHp-terminal Flag sequence {L4). Con-

structs were sequeniced on both strands.

The establishment of stzble 233 cell Hnes expresing the short
soluble form or full-length BAFF, and the expreson and purlfl-
catian of recombinant sBAFF [rom bacterla and mammatian 233
cells wera performed s described {14, 15).

Reverse Transariprse PCR. Tt RNA extracted from T cells,
B celis, in vitro—derived immature dendritic cels, 293 witd-type
{wt) and 293-BAFF {Rull-tength) cells was reverse transeribed -
ing tha Ready to Go system (Amenham Prarmacia Bloweh) sccord-

Ing to the mamuficrurer’s Eftittiofit. BAPE el Peardn SONAS

wera detecied by PCR smplificaton with Taq DNA polymarss
{steps of 1 tnin each a1 94°C, 55°C. and T2'C for 30 cycles) using
speciilc cligonudieotides: for BAFF, JT1322 5 -GGAGAAC-
CCAACTCCAGTCAGAAC-3 and [T132) §"-CAATTCATC-
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CCCAAACACATCCAC-Y for 11.-7 receptor @ chain, JT1368
5 TCCGAACACAACGAAACAAGTC-Y and JT1369 5°-CTT-
CTCCTTCACCTGCAAACTCGACTG-3"; and for fi-actin.
5 GGCATCGTOATCGACTCCG-3 and §'-GCTGGAAGET-
GGACAGCGA-Y.

Gel Permestion Chromatography. 283 T cells were wranslenzly
srarsfozied with the short form of sBAFF and grown in serum-
free Optimem mediumn for 7 d. Conditlened supsrmnatanis were
coneentrated 20 times, mixed with inteenal standards catzlase and
OVA. and loaded onta 3 Superdex-200 HR10/30 column. Fro-
telns were eiuted in PBS at 8.5 m/min, and fraetlens (0.25 mi}
wers precipltated with TCA and analyzed by Woestern blowing
using antl-Flag MZ antbody. The column was calibrated with
standard proteins: feeritin (440 kD), carslase {232 kD). aidalase
{158 xD). BSA {67 kD), OVA {42 xD)), chymotrypsinogen A
(25 wD), and ribosuclease A {13.7 kD).

PNGasa F Tresumens.  Samples were heated tn 20 pl of 0.5%
SDS. 1% 2-ME Ior 3 min 2t 35°C, then cooled and supplemented

b owith 10% NP-40 2 i), 0.5 M sodium phosphate, pH 7.5 (2 i),
“ and Poptide N-glycanase F (PNGase F: 125 U/l 1 L ar o

entyme la contrals). Samples were incubated fof 3 at 37°C be-
Tore analysis by Western blotting.

Edman Sequerming, 293 T cells were tanslently wansected with
the long form of SBAFF and grown In serum-free Opimem me-
dium for 7 d. Conditloned supematants were concentrated 20 tmes,
frncrionated by SDS-PAGE, and bloted onto polyvinylidens difluo-
cide membrane {Blo-Rad Laberatories) as described previcusty (16),
and then sequenced using 2 gas phase ssquencer (ABI 120A: Perkin
Eimer] coupled 1o an anatyzer (ABT 120A: Perkin Elmer) equipped
with 2 phenylthtohydentoin C18 2.1 X 250 mun columa. Dara were
analyzed using ABI 610 software {Perkin Firnez).

Antibodles.  Polyclonal antibodies were generated by bmint-
nizing rabbis {Eurogentec) with recombloant sBAFF/1ong. Spleans
of rats immunized with the same antigen wers fised 1o x63Ag8.653

mowuse myslams czils, and hybridomas were screened for BAFF-'
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specific 1gGs. One of these mAbs. 43.3. s an 1gG2a that specifeally
recognizes hBAFE.

FACS®. Celts wers sained in 50 pul of FACS bulfer {PBS,
10% FCS, 0.02% NalNy) with 50 ng {or the indicated amouns) of
Fiag-tagged short soluble hBAFF for 20 min at 4°C, followed by
ant-Flag M2 (1 pg} and secondary antibody. Anti-BAFF mAb
43.9 was wed 2t 40 pg/ml For two-color FACS? analysis,
peripheral blood lymphocytes wese stained with Flag-tagged
sBAFF/tlong {2 1g/mi). foliowed by blotinylaed ant-Flag M2
[1:400) and PE-labeted swrepravidin {L:100). followed by FITC-
tabsled anti-CD4, 2nt-CD8, or anu-CD1S.

PBL Polierdon Assay. PBLs were incubated in 36-well places
{10% celis/well in 100 pi RPMI supplemented with 13% FCJ) for
T2 h in the presence or absence of 2 pg/ml of goat anti~human p
chain antibody {Sigma Chemical Ca) or contral Flab’); and with
the indicated concentration of Rative or botled sBAFE/tong, Cells
were pulsed for an additional 5 h with {'Hlthymidine {1 pCt/well)
and harvested. [TH] Thymidine incomporation was monltared by
liquid scintltation counting. In some experiment; recombinant
sBAFF was rapiaced by 293 cells stably tansfected with fuli-
length BAFF {ar 293 witd-type [wi} 2 control} that had been
fixad for 5 min 2 25°C in 1% paraformaldehyde. Assay was per-
formest as descrived {17}, In fusther experments, CDIS™ cells
weee isalated from PBLs with magnetie beads, and the remaining
CD18- cells wese bradiated {1,000 reds} before reconstitutlon
with CD19* ceils. Prolfiferation nssay with sBAFF was then per-
{formed as describad above.

B Celt Activation Asay. Purifled B calls were activated in the
EL-4 culture systeen as described (L3). In brief, 10 B cells mbced
with § % 10% madiated mweine EL-4 thymoma cells (done B}
were cultured for 56 d in 200 uf medium containing 5% volfvel
of eulure supematants rom human T cells (105/mi} which had
bean actvaied for 48 h with PHA {1 pg/mi) and PMA (1 ng/mi).
B csulls were then reisalated with ahti-€0H9 beads and cultured
for another T d {5 % 10* calls in 200 ). duplicate or triplicate

g

Lo

Figure 1. [(A) Predicted w sequence of human and
mouse BAFF. The predicted trmmembrne domaln
{TMD, dashed line), the putential N-linked glycosylatuon
sites {rars). and the natural proceming slis of hBAFF far-
cow) 1y indicated. The double fine sbove nBAFF indi~
e3is thy stquanee ooiingd by fdman degradatian of the
procased form of RBAFF. (B} Compartson of ths exgacet
fular protein smquence of BAFF and some members of the
‘TNF ligand family. {dentcal and homologous raidues &t
represanied In black and shvaded boxss, respctively. (]
Dendrogram of TNF famlly ligsnds
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culture in fat-bartomed 96 weti glates) in medium alone or in
mediym supplemented with 5% T ezl supernatanis, or with 36
ng/mi IL-2 {3 gift from the former Glaxo lnsdewte for Molecular
Biotogy. Geneva) and 10 ng/mi each [L-4 and [.-10- (Pepro-
Tach), in the prosence or aksance of sBAFE. The ant-Flag M2
antibody was added at 2 concentration of € pg/ mi and had no af-
fact by ltself,

Results

BAFF Is 2 Novel Ligand of the TNE Family. hBAFF was
identified by sequence homology a3 a possible novel mem-
ber of the TINF ligand family while we screened pubile
databases using an improved profile search (18). A cDNA
encoding the complete protein of 285 aa was obtained by
tombining EST clones {covering the 3' region) with a
fragment (5° region) amplified by- PCR. The absence of a
signal peptide suggested that BAFF was a type Il membrane
protetn that §s rypical of the members ofsthe TNF ligand
family. The protein has a predicted cytoplasmic damaln of
48 aa, a hydrophobic transmembrane region, and an extra-
cellular domaln of 218 aa conmining two potential N-gly-
cosylation sites (Fig. 1 A}, The sequence of the extraceilular
dermain of BAFF shows highest homology with APRIL
{(33% a3 identty, 48% homolagy). whereas the identity
with other members of the family, such as TNF, Fasl,
LTea, TRAIL (TNF-related apoptosis-inducing ligand}, or
RANKL {receptor activaior of NF-kB lgnd) & <20%
{Fig. 1. B and C}. The mouse BAFF (mBAFF) cDINA clone
isofated from a spleen Ubrary encoded a siightly longer pro-
tein {309 a3} due to an insertion between the tensmembrane
region and the first of sevedal P strands which constitute the
receptar binding domain in all TNF ligand members (19).
Thiz B strand-rich ectodomain b almost Hentical in mBAFF
and hBAFF {36% identity. 33% homology), supgesting that
the BAH; gene has been highly conserved during evolution
(Fig- I AL

EAFF Is Processed and Secreted.  Although TNF i
ily members are synthesized a5 membrane-inserted ligands,
cleavage in the sl reglon between transmembrane and
receptor binding domains (s frequently observed. For exam-
ple, TNF and FasL are readlly cleaved from the cell surface by
metalloproteinases {20, 21}, While producing several forms
of recombinant BAFF in 203 T cells, we noticed that a re-
combinant soluble 32-kD form of BAFF (aa 83-285
sBAFF/leng), contalning the complete stalk region and an
NHy-terminal Flag tag in additon to the recaptor binding
domain, wat extensively procassed to 2 smaller 18-kD frag-
ment {Fig. 2, A and B). Cleavage occusred in the stalk re-
glon since the fragment was datectable anly with antibodies
raised agalnst the complete receptor interaction domaln of
BAFF but not with anti-Flag antibodles {dats not shown).
This experiment abso revealed that only N124 (located in

the stalk) but not N242 (located at the enury of the F-B
sheet) was giycosylated, since the malecular mass of the *

nonprocessed sBAFF/long was reduced from 32 to 30 kD
upon removal of the N-linked carbohydrates with PNGase
F. whereas the 18-kD cleaved form was irsensitive to this
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treatment. Peptide sequence analysis of the 18-kD frag-
ment indeed showed that cleavage occurted berween R133
and A134 Fig. 1 A). R133 lies at the end of a polybasic re-
gion that is conserved between human {R-N-K-R)} ang
mewe {R-N-R-R) BAFF. To tast whether cleavage was
not merely an artdfact of expresing soluble, nonnatural
forms of BAFF, membrne-bound full-iength BAFTF was
expressed in 293 T cells Fig. 2 C). The 32-kD complate
BAFF and some higher molecular mass species {probably

rractons

Figure 2. Crancteriztion of recombinane BAFF. (A} Schemade rep~
resentaton of recombtnant BAFF constructs, Seluble recombtnant BAFFs
sarmng 3t Leug and Glaygy are expressed fused 10 an NE-teeminal Plag
wg and 3 §=amino acid Unker, The kong farm b cleawrd batween Argiy
and Alaygy (arrow) tn 293 T ealls, t yield 2 procesed form of BAFF.
Ay and Asmyyy beiong o N-glycosylation comanmu sites. N-linked
glyean present on Asyy, b shown ass Y. TMD, tenmembrane domain
B) ENGae F reatment of recomsblnzm BAFF, Cancentrated supemma-
wnts contbning Flag-mgged BAFEs and APRIL were deglyserylated and
analyzed by Westem tloming uiing polycionl ant-BAFF antibodies or
antl-Flag M2, as Indicied. AR baruds extept processed BAFF alm ceacied
with anti-Fuag M2 {data narshown). {C) Fuli-langth BAFF s procened w0
+ 1oluble form. 293 T cell were wastiendy translected with hali-length
BAFF. Tiarufooed cells and thelr concentrazed mupemaant (S/M) were
amlyzed by Western blontag using poiyclonal ant-BAFF anubodier. Su-
permants comespanding o 10 times the ameunt of colls were loaded
enta the gel. [D) Stz exchuton chromatography of sBAFF an Superdex-
00, Coaesnosred supemenmy contaialng SSAFF/short were bacgon-
ated on a Superdex-Z0{ column, and the eluted frections were anulyred
by Westarn blotting uslng antl-Flag M2 andbody. The migraen pod-
tnrs of tha molecutar maw markars {in kD) are indiestot an the left-hand
side for SDS-PAGE and 2t the top of the figur for size exclutlan chro-
matography.

[
r




TTIRTALY

Figurs 3. Expremton of BAFF. {A) Northerm blots 12 g polr A"
RNA per lane) of variow human thmes were probed with BAFF anu-
sense miUNA. [B) Reverse tanseriptass amplificaton of BAFF, iL-2 re-
cagtor o chain (TL2-Ro, and actin fram RINA of pusified bloed T extis
at vasious trne poing of PHA sctivation. E-toserzing-negative blood cells
{moutly B cal), in viro-derlved immature dendrltie cells, 233 cells, and
253 cels shsbly trarsfested with full-lengch BAFF (283-BAFF). Contml
ampitfcations were peclormed in the abience of added eDNA. IL-2 re~
ceptor a chaln was amplified a3 3 marker of T celt acivation,

cotresponding to nondissociated dimers and trimers) were
readily detectable in cellular extracts, but >95% of BAFF
racovered from the supernatant corresponded to the pro-
cessed 1B-kD) formn, indicatng that BAFF was alo pro-
cessed when synthesized as a membrane-bound ligand..
Therefore, we engineersd an sBAFF {Q136-1285,
sBAFF/short) whose sequernce started 2 av downsweam of
the procesing site {Fig. 1 B). As predicted, the Flag tag
attached to the NH; terminus of this recombinant male-
cule was not removed {data not shawn), which allowed its

" purification by an and-Flag afinity column, To test 1ts cor-

rect folding, the purified sBAFF/short was analyzed by gel
fiitration where the protein eluted ac an apparent molecalar
fmass of 55 kD (Fig. 2 D). We conclude that sBAFF/short
correctly auembles into a hornotrimer (3 X 20 kD) In
sgrosment with the guatemary structure of other TNF
family members {19). Finally, unprocessed sBAFF/igng wis
readily expressed in bacteris, indlcating that the cleavage
gvent was speclfic to eukaryotie cells.

Expression and Chromosomal Localization of BAFF. Morth-
em blot analysis of BAFF revealed that the 2.5-kb BAFF
mRNA was shundant In the spleen and PBLs {Fig. 3 AL
Thymus, heart, placents, small intestine, and lung showed
weak expreasion. This restrictad distribution suggested that
celis present in Jyrnphold tissues were the maln source of
BAFE. Through PCR anmalysis, we found that BAFF
mRINA was presenc in T cells and peripheral blood meno-

179} Schaeideresal

eyte-derived dendritic cells but not in B cells (Fig. 3 B).
Even nalve, nonstimulated T cells appeared to express
some BAFF mRNA.

A sequence-tagged sire {STS, SHGC-36171) was found
in the database which included the hBAFF sequence, This
site maps to human chromosome 13, in 2 9-cM interval
hetween the markers 135286 and D13513135, On the cy-
togenetic map, this Interval corresponds to 13q32-34. Or
the known TINF tigand Family members, only RANKL
{Trance] has been localized to this chromosome (22)
though guite distant to BAFF {13q14).

BAFE Receptor Is Expressed on B Cells. For the Ugand
to exert maximal biologicel effects, it was ikely that the
BAFF receptor (BAFF-R) would be expresed either on
the same cells or on neighboring calls present In lymphotld
tisues. Using the recombinant sBAFF a3 a tool to specifi-
cally determine BAFF-R expresion by FACS®, we indeed
found high levels of teceptor expresion in various B cell
lines, such as the Burkite lymphomas Rajl and BJAB (Fig.
4 A, and Table 1. In coatrest, call fines of T cell, fibroblas-
tc, epithelial, and endothelial origin were alt negative.
Very weak smining was observed with the monocyte line
THP-1, which. however, could be due to Fc receptor
binding. Thus, BAFF-R expression appears ta be restricted
to B cell Hines. The two mouse B cell lines testad were neg-
ative using the hBAFF a5 a probe, although weak binding
was observed on mouse splenocytes (data not shown), The
presence of BAFF-F on B cells was corroborated by analy-
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Table I. Binding of sSAAFF to Various Cel Lines

Cell type Celilines BAFF binding Specific detrils
Eplthelal-like HT-2% - _ Colon adenocarcinoma
A3TH -f Melanoma
MCE-7 - Breast adanccarcinoma
Me260 - Metanoma
Caos + Mankey kidney celly
Fibroblasts WI-38 - Lung
Hs-68 - Foraskin
Hs-27 - Foreskin
Eadotheial celis HUVEC - Usmnbilcal vein
Macrophages/monecyles THP-1 -f+ Monocyte
T ceil lines Moit-4 - Lymphoblastic jeukemls
Hut-78 - Cutaneous lymphoma
Jurkat - Lymphoblastie feukermia
B cell Unes BIAB ++E Burkitt iymphomia
Namazlawa ++ Burkitt iymphoma
Daudi +/- Burkite lymphams EBNA* VCA*
Ramaos ++ Burkiee lymphoma EBV~
Ruaji +4+4 Buskite lyrnphoma
JIYOYE + Burkitt lymphoms
SKW.64 E Igh serveting EBY>
RPMI 1783 +4+ Peripherat bloog, [gh weereting
-9 : + Lymphobtast {g secreting
NC-37 +4 Lymphoblax EBY*
Mouse eaif lines WEHI-231 - B eell ymphoma
A2 - B cell lymphoma

sit of umnbilical cord and peripheral bload lymphocytes. While
CD8* and CD4* T calls lacked BAFF-R (Fig. 4 B, and dana
riot shown), abundart swining was observed on CDIS™ B
cells {Fig. 4, A and B), tiidiesting thay BAFF-R bv exprosed on

all blood B cefls, Including natve and memory B calls. No ewi-

denca was abtained for 3 CD19*, BAFF-R™ population.
BAFF Can Costimulate B Cell Growth.  Since  BAFF
bound 1o blood-derived B celly, experiments were per-
formed to determine whether the ligand could deltver
growth-stimulatory” or growth-infibltory signals. PBLs
were stimulsted with and-IgM (p) andbodies together
with fixed 293 cells stably expressing surface BAFF (Fig.
5 A). The ievels of PHlthymidine Incorporation induced
by anti-j2 alone were not altered by the presence of contral
cells but were Increased twofold in the presence of BAFF-
transfected cells (Fig. 5 Bj. A dose-dependent proliferation
of PBLs was abo obtined when BAFF-tansfected cells
ware replaced by purified sBAFF (Fig. § C}, indicating that
BAFF does not require membrane actachment ta exert its
activity. In this experimental setup, proliferation induced
by sCD40L required concentrations >1 pg/ml, but was
less dependent on the presence of anti-p than that medi-
aced by BAFF {Fig. 5 D). When pusified CD19* B cells
were cocultured with irediated autologous CD18~ PBLs,
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costimulation of profiferation by BAFF was unaffected,
demonstrating that PHjthymidine uptake was mainly due
to B cell proliferation and not to an Indirect stimulation of
anpther call type {data. not shown). The observed B cell
proliferation in response to BAFF was endrely dependent
on the presence of anti-p antibodies, Indicating that BAFF
fenctioned as costimulator of B cell proliferation.

To investigate 3 passible effect of BAFF an preplasma,
germinal center~ltke B cells (13}, purified peripheral or cord
biood B cells were preactivated by coculture with EL-4 T
cells in the presence of a cytokine mixture from supema-
tants of PHA/PMA-sumulated T cells (23). These B cells
ware reisolated to 38% purity and ylelded a twolold In-
crease tn secreted Ig during 2 secondary culture In the pres-
ence of BAFF and activated T cell cytokines compared
with cytokines alone. No significant effect was seen In the
absance of exogenous cytokines, and an Intermediate (1.5~
fold) effect was observed in the presence of the recombl-
nant eytakines [L-2, [L-4, and IL-10 (Fig. 5, E and F).

v

Discussion

Here we repost the molecular cloning, expression, and
biologicat activity of a new member of the TNF ligand
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S0 were 123 = 0.11 for medium anly, 205 £ .18 with T coll supemnatans {four experiments), and

experiments) or cord blaod B cells {ons
10). {F} Dase—response curva far the effect of BASF In

cultures with T call rupeiuifish, &5 sHimtn I granel D: besp = S0} of thres experimenty,

famlly. The bumsan and mouse sequences exhibit the typl-
cal characteristics of this family, Le., a type I membrane
protein organization and the conservation of nine B theen,
which fold into a "Jelly=roll” structure that trimerizes to
form receptor Interacting sltes. The binchemical analysis of
BAFE Is also consistent with the typlcal homotrimeric
structuse of TINF family members. In this family of lgands,
BAEF exhibits the highest leval of sequence simllarity with
APRIL, which we have recently characterized as 3 ligand
stimulating growth of various tumor cells {L1). Unitke
TNF and LTa. which 2re two family members with
equally high homotogy (33% tdptigity) and whose genai
are linked on chromosome 8, APRIL and BAFF are not
clustsredl on the sms chrompsgma. AFBRIL s located on
chramasome 17 (our unpublished dsw), wheres BAFF
maps 1o the distal arm of human chromosome 13 {13q34).
Abrormalities in this locus were characterized tn Burkit
lymphamas a8 the second most frequant defect (24) besides
the transioeation involving the mye gene into the (g tocus
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{25). Considering the high expression levels of BAFF-Ron
3lt Burkitt lymphoma cell lines analyzed fsee Table I}, whis
raises the Intriguing possibllity that some Burkitt lympho-
mas may have deregulated BAFF expression, thus stimulat-
ing growth in an autocrine manner.

B cell growth was efficiently costimulated with recombl-
nane sBAFF lacking the transmembiene domaln. This ac-
tvity s In cantrast to several TINF family members that are
active only a5 membrane-baund ligands, such s
FasL. and CD40L. Soluble farms of these ligands have poor
biglogical activity that can be enhanced by thelr cross-tink-
ing, tHeidly Mimigking the membranerbound ligand (15).
T contras, cross-linking Flag-tagged sBAFF with and-Fiag
andbiediés or the ug of membrans-bouid BAFF axprewed

on the surface of epithelial cally did ot {urther sitheneethe

mitogenic activity of BAFF. suggesting that & can act 53~
terically as a secreted cytokine, like TINF does. This is in
agreement with the observation that 2 polybasic sequence
_present in the stalk of BAFF acted as 3 subsirate for a pro-




tease. Sirnilar polybasis sequences are also present at corre-
sponding locations in bath APRIL and TWEAK (Apo-3L).
and for both of them there is evidence of proteghytic pra-
cessing {26; Holler, N, and J. Tschopp. unpublished obser-
vation). Although the protease respansible for the cleavage
remains to he determined, it i unlikely to he the metallo-
protelnase resporible for the celease of membrang-bound
INF, as their sequence preferences differ completely {21).
The multibasic mafs in BAFF (R-N-K-R), APRIL (R-
K-R-R), and TWEAK {R-P-R-F) are reminiscent of the
mintmal cleavage signal for furin R-X-K/R-R), the pro-
totype of a praprotein convertase {amily {27).

The role of antigen-specific B lymphocytes during the
different stages of the Immune response Is highly dependent
on sigrals and contacts from helper T celts {28} and anti-
gan-presenting cells such as dendritic cells (29). B tympho-
cytes Brst recelve these signals early on during the immung
response when they Intersct with T cells at the edge of the
B call follictes in lymphoid tissues, leadingsto thelr prolifer-
stion and dilferentation into low-affinity antibody-form-
ing ceiis {30). At the same time, some antigen-specific B
cells also migrate to the B ceii follicle and contstbute the
formation of garminal centers, ancother site of B cell prolif-
eration but also affinity maturation and generation of mem-
ory B cells snd high-aMfinity plasroa calls {31).

Signals triggered by CD40L have been shown to be crit-
Ical for the function of B tymphocytes at multiple steps of
the T celi-dependent immune response (32). However,
several studies clearly showed that CD40L-CD40 interse-
tion does not account for all contact-dependent T cell help
for B cells, Indeed, CD40L-deficient T cells isolated from
sither knockout mice or patients with X-linked hyper [gM
syndrome have been shown to successfully induce prolifer-
ation of B calls and their differentiatlon into plasma cells
(33). Likewise, studles using blocking antibodies agalnst
CD40L showed that a subset of surface [gD* B cells ko~
lated from human tonsils proliferate and differentiate in re-
sporse to activated T cells in 2 CD40-fhdependent siannec
{34). Other members of the TNF family, such a5 mem-
brane-bound TNF and CD30L, have alio been shown o
b invalved in 3 CD40- and surface Ig-independent stimu~
lation of B calls {33, 35). Finally, CD40-deficlent B cells
can be stimulated to proliferate and differentiate into plasma
cells by helper T cells as fong as the surface B cell receptors

are triggered at the same time (36). BAFF as well as CD30L
and CD40L is expresed by T cells, but its uniqueness re-
sides in its expression by dendritic cells as well as the highly
specific locatfon of it receptor an B cells in contrast to the
wider expression pauerns of CD40, CD30. and the TNF
receptors {37). Hence. BAFF may uniquely affect B cells.

Tn support of a role for BAFF in T cell- and/or dendritic
cell-induced B cell growth and potential maturation, we
found thit BAFF costimulates proliferation of blood-
derived B celis concomitandy with trow-tinking of the B
cell receptors. Moreover, using CD18* B cells differentl-
ated in vitrp into preplasma, germinal center-like B cells
(13), we observed a costmulatory effect of BAFF on Ig
production by these B calls in the presence of cytokines
from activated T cells. Thus, BAFF can tnduce signals in
both natve B cells and germinal center—~committed B cells
i vitro. Whether this observadon will wanslate during a
normal Immune resporse or not will have to be addressed
by proper in vivo experiments.

The biological resporses induced in B cells by BAFF are
distinet from that of CD4OL, since proliferation triggered
by CDA0L occurred at a lower level independently of an
anti-p cosdmulus {17; Fig. § D). Moreover, CD4OL can
counterzct apoptodc signais in B cells after engagement of
the B call ceceptor {38), whereas BAFF was not able to res-
cue the B cell line Ramos from ant-p-medtated apopiosts,
despite the fact that Ramos cells do expres BAFF-R {Ta-
ble [; MacKay, F., unpublishad observations}. Therefore. it
i likely that CD40L and BAFF fulfill distinct functions. In
this respect, it is notewarthy that BAFF did not interact
with any of 16 recomblnant receptors of the TMF family
ested. including CD40 (Schnelder, P., and J. Tschopp, un-
published observations).

Several abscure zones remain in our undessanding of an
jmrune response. For Instance, tietle is known about the
tmechanisrs govermning the differentiation ofa B cell into a
plasrna call versus a germinal center B cell. Similady, aide
from the pesghle involvement of the CD40 pathway
shown in vitro (39), we have very litte informatlon abaut
the signals deciding the differentiation of a germinal center
B cell inta a memory B cell or a plasma cell. [t will be very
interesting 10 investigate whether or not BAFF has any
unique role to play In these critical checkpoint decitions.
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